Naturally occurring acute parvoviral myocarditis in puppies 3 to 8 weeks of age was characterised clinically by sudden death or death following a brief period of dyspnoea. Mortality within litters varied from 20% to 100%. The principal lesion was in the myocardium, which in most cases was mottled by pale patches and bands. Moderate to severe pulmonary oedema with marked peribronchial and perivascular oedema was present. In some cases, the wall of the gall bladder was oedematous. Microscopically the ventricular myocardium had myofibre loss, multifocal myofibre necrosis, a mononuclear cell infiltrate of variable intensity and reactive stromal elements. In every case there were Feulgen-positive, amphophilic, intranuclear inclusion bodies in myocardial nuclei. Ultrastructurally the inclusions were composed of dense granular material and particles resembling parvovirions. Pulmonary alveolar septae were thickened by fibroblasts. Peribronchial and perivascular lymphatics were distended with oedema fluid and occasionally erythrocytes. The pulmonary lesions were considered secondary to the myocardial dysfunction. Some of the puppies that survived the acute disease developed ventricular myocardial fibrosis and died in congestive heart failure.
A new clinico-pathologic entity of puppies has appeared recently in Australia and in the United Kingdom. Between mid-1978 and the time of writing, numerous cases have been seen in the metropolitan areas of Perth [5] , Brisbane [9] and Glasgow [16] . The disease has been recognized in other Australian centres and in North America [4, 6] . In Perth, two clinical presentations have been noted. The first and more common, seen in pups 3 to 8 weeks of age, is sudden death with no, or a very short, clinical disease. The second, generally in pups 8 weeks and older, is the sudden onset of severe dyspnoea, depression and weakness with collapse and death in 1 to 24 hours [14] . The peracute clinical disease results from severe multifocal myocardial necrosis with a variable cellular infiltrate and myocardial intranuclear inclusion bodies [5, 9] . Cardiac failure in older pups is due to myocardial fibrosis following the acute phase. There is good evidence that the disease is associated with infection by a parvovirus [13] , apparently identical to the virus implicated in a newly described canine enteropathy [7] . 
Materials and Methods
The data in this report are from the necropsies of21 puppies from 10 litters. Eighteen of the pups died naturally and three were killed. Two of these three were killed when clinically normal but showing electrocardiographic evidence of myocardial disease. The third pup was killed while in severe cardiac failure. Puppies were of varied breeds and sexes were nearly equally represented. A synopsis of the histories of the litters is given in table I. The puppies that died naturally were necropsied routinely and all organ systems examined and sampled comprehensively for histologic investigation. Tissue samples were usually fixed in 10% buffered formalin, but samples of myocardium and lung from some dogs also were fixed in Bouin's fluid or 3% glutaraldehyde in 0.1 molar phosphate buffer pH 7.4. Tissue samples fixed in buffered formalin or Bouin's fluid were processed for paraffin embedding and 5-l1m sections were cut and stained with haematoxylin and eosin (HE).
Sections of myocardium and lung also were stained with Masson's trichrome, by the Gordon and Sweet method for reticulin, and processed for the Feulgen reaction. The small tissue blocks (I mm") fixed in glutaraldehyde were fixed further in 1% osmium tetroxide in the same buffer and processed for epon embedding. One-urn sections were cut and stained with toluidine blue.
The three puppies killed were anaesthetized with an intravenous injection of pentobarbitone sodium and retrograde perfusion-fixation of the heart was carried out via the thoracic aorta. Initially, 500 ml of 4% paraformaldehyde in 0.1 molar phosphate buffer was introduced, followed by I I of 3% glutaraldehyde in the same buffer. Following perfusion, small blocks (I mrn") of tissue were taken from the interventricular septum, papillary muscle, right and left ventricular free walls and atrial walls. These were further fixed in osmium tetroxide and treated for epon embedding and sectioning as described above. Thin sections were cut from epon embedded tissue, stained with lead citrate and uranyl acetate and examined with an electron microscope.
Results
The 16 puppies that died suddenly were between 3 and 8 weeks old. They were either found dead or observed to become restless and dyspnoeic, often crying out before dying within 20 to 30 minutes. At necropsy, all pups were in excellent bodily condition and apparently had been thriving. Mucous membranes generally were pale. The pleural cavity usually contained a moderate amount of serous fluid, in some cases blood-tinged. The lungs of all puppies were firm, remained inflated and were uniformly grey-pink and mottled. In some instances, the mottling was punctuated by small focal haemorrhages. The cut surface usually yielded a small amount of blood-tinged fluid; a characteristic feature seen on close inspection was delineation of the bronchial and vascular trees by a translucent zone of oedema about 2.5 mm wide ( fig. 1 ). In most cases, this oedematous band was also congested and haemorrhagic. Gelatinous oedema usually was present in the connective tissues around the hilus of the lung and in the anterior mediastinum.
A slight excess of serous pericardial fluid was usual. In most cases, the myocardium was mottled by pale patches and bands. This abnormality could involve most of the ventricular mass but generally was most intense around the left ventricular apex ( fig.  2 ). The left ventricle was usually dilated. The livers of all puppies were slightly swollen, slightly pale and moderately friable. In several instances, the wall and attachments of the gall bladder were thickened and gelatinous. Excess serous peritoneal fluid was recorded in two puppies, and two puppies also had prominent focal haemorrhages in the stroma of the pancreas.
Histologically, in the myocardium of every case, there were areas devoid of muscle fibres with only reactive stromal elements remaining ( fig. 3 ). The few fibres undergoing degeneration and fragmentation had eosinophilic and coagulated sarcoplasm ( fig.  3 ). Focal mineralisation of degenerate muscle was seen in only one heart. The myocardial necrosis was attended by a variable cellular infiltrate and in some instances, no infiltrating cells were found. Generally, a few neutrophils were present around degenerating fibres and lymphoid and plasma cells were present in small foci. In several hearts, the lymphoid infiltrate was moderately intense ( fig. 4 ). Activation of fibroblastic and histiocytic cells in the interstitium was prominent. Early fibrosis was apparent in one heart from a puppy 8 weeks old. There was no damage to the blood vessels.
The most characteristic feature was the presence oflarge basophilic or amphophilic, Feulgen-positive, intranuclear inclusion bodies within enlarged myocardial nuclei. The inclusions filled most of the nucleus, leaving a small rim of marginated chromatin ( fig. 5 ). The frequency of occurrence of inclusion bodies varied greatly, but they were found in every case.
Histologic observations were extended by ultrastructural examination of the myocardium and a range of myocardial nuclear abnormalities was recorded. It must be stressed that it took much searching to find these changes in most of the samples. could still be found in these nuclei. There seemed to be a relationship between the two inclusions. with the accumulation of dense material representing the end stage of a progression of events. Rarely. evidence could be seen of the disintegration of nuclei packed with dense material within intact sarcoplasm. Electron microscopy also confirmed the identity of infiltrating and reactive cells and the lack of damage to blood vessels. There was very little debris derived from myocardial fibres either free or within phagocytic cells.
Microscopically, in the lung there was uniform thickening of alveolar septa. This was sometimes caused by congested capillaries but usually by the presence of interstitial cells with oval or spindle shaped nuclei. Occasional macrophages also were present. Stains for reticulin sometimes revealed an increase in fine fibres in the septa. Intra-alveolar oedema and macro phages were present in varying amounts. There often was distention of perivascular and peribronchial connective tissue with oedema fluid and/or haemorrhages. Lymphatic vessels in these areas and beneath the pleura were widely dilated and in some cases contained erythrocytes ( fig. 7) . Patchy atelectasis and haemorrhage and occasional homogeneous eosinophilic capillary thrombi were in some lung sections. Ultrastructural examination of the lungs of two dogs showed that the majority of cells in the thickened septa were fibroblasts. These cells were surrounded by loose bundles of parallel or interweaving collagen fibrils.
Histologic features of the liver included diffuse swelling of hepatocytes, patchy sinusoidal ectasia and dilation of perivenular and portal lymphatics. There were no histologic abnormalities found in oth~r organ systems apart from pancreatic haemorrhages in two pups.
The two puppies that died after a period of clinical heart failure were 12 and 24 weeks of age, respectively. The 12-week-old pup that died after a 12 hour illness was a litter mate to one of the pups in the sudden death group. At necropsy of this puppy, the myocardium was strikingly pale and the heart enlarged. The liver was enlarged, congested and friable with some surface fibrin. Haemorrhage had occurred from small tears in the liver capsule. There was pulmonary congestion and oedema with some focal haemorrhage. Histologically, extensive multifocal fibrosis had occurred throughout the ventricular myocardium with mature and well collagenised connective tissue present ( fig. 8 ). Some myocardial fibres had disappeared but had not been replaced by.fibrous tissue. Some small collections of lymphoid and plasma cells were observed. No inclusion bodies could be found. The microscopic changes in the lungs of this puppy were similar to those described for the sudden death group. In the liver, there was severe recent periacinar necrosis of hepatocytes and acute hepatic venous congestion. The 24-week-old pup had a four day clinical history of severe dyspnoea and ascites before death. Gross findings at necropsy were consistent with severe acute biventricular failure, that is pulmonary congestion and oedema, hepatomegaly and congestion and large quantities ofserosanguineous fluid in the pleural, pericardial and abdominal cavities. Histologically, there was extensive multifocal replacement of myocardium with mature fibrous tissue. Histologic changes in the lungs and liver were as described for the 12-week-old pup.
No macroscopic assessment could be made of the tissues of the three puppies that were perfused. The two with electro-cardiographic abnormalities, but no clinical signs, had histologically detectable myocardial lesions as described for the puppies that died peracutely. The third perfused pup, 9 weeks old and a litter mate of the first two, was killed after three days of severe cardiac failure and dyspnoea. Its heart had extensive myocardial fibrosis.
Discussion
Major conclusions are that the myocardium appears to be the principal site of damage and that the essential lesion is multifocal necrosis and lysis of myofibres with or without an inflammatory response; myofibre necrosis appears to be active only up to 8 weeks of age. Clinical signs may be delayed until post-necrotic myocardial fibrosis is advanced.
In view of the evidence that the lesion is caused by a parvovirus [13] , the following points are pertinent. The predilection of canine parvovirus for myocardial cells may be related to the state of myocardial cells during the neonatal period. In newborn puppies, 2% to 4% of myocardial cells undergo division. This continues until approximately day 15 when the number of dividing cells declines steadily [I]. The relatively rapid rate of division followed by a decline correlates well with the strict age incidence of canine parvoviral myocarditis, considering that parvoviral infections require the replication of deoxyribonucleic acid [15] .
The division of neonatal myocardial cells per se, however, is unlikely to account totally for their sole involvement in this disease. To date, no puppy with myocarditis has had demonstrable necrosis in theoretically vulnerable areas such as intestinal epithelium, bone marrow and lymphoid organs. Such tissues are either unsusceptible at the time of infection or are infected, damaged and reconstituted prior to the development of any clinical signs. Widespread destruction of rapidly dividing tissues has been described in parvoviral infections of older puppies and adult dogs; lesions similar to classical feline panleucopenia have been observed [3, 8] . This disease apparently is caused by the same virus as that causing myocarditis [7] . In the natural disease, the heart is not affected but in the experimentally induced disease, inclusion bodies were found in myocardial nuclei in the absence of necrosis.
Although the question of relative vulnerability of cell types remains unresolved, it is worth noting that there is little overlap between the clinical findings and lesions in naturally occurring cases of classical feline panleucopenia [11] and cerebellar hypoplasia produced by feline panleucopenia virus [10] . In experimental parvoviral infection in neonatal kittens, however, a number of tissues such as thymus, bone marrow, intestinal epithelium and cerebellum were infected initially and underwent necrosis [2] . Clinical signs were absent in the majority of cases. These tissues, with the exception of the cerebellum, had reconstituted by 30 days after inoculation. Interestingly, intranuclear inclusion bodies were present in myocardial cells with no evidence of cell death or inflammation.
The main lesion of canine parvoviral myocarditis is the presence of intranuclear inclusion bodies within myocardial nuclei. The frequency of inclusion bodies, however, did not relate consistently to the extent of necrosis, degree of cellular infiltration, age at death or the time of death within a litter. The ultrastructural features of abnormal myocardial nuclei could be equated with the progression of events described in tissue culture cells infected with feline parvovirus [12] . In canine parvoviral myocarditis, nuclei initially became filled with myriad structures resembling parvovirus virions. Increasing amounts of dense granular material accumulated and spread from the centre of the nucleus, virtually filling it. Cellular disintegration sometimes followed this progression of nuclear events. In this context we mention again that in certain experimental canine and feline parvoviral infections, myocardial intranuclear inclusions developed without any demonstrable necrosis of cells. Nevertheless, the ultrastructural lesions of canine parvoviral myocarditis are consistent with cell lysis caused by parvoviral infection.
We have found no morphologic evidence of viral infection in the lung. The pulmonary changes appear to be secondary to myocardial damage and recurrent arrhythmias and the presence of these changes in every case substantiates the idea that myocardial lesions are present at least for several days. The lesions cause hemodynamic disturbances in the pulmonary vascular bed, reflected by early septal fibrosis, peribronchial and perivascular oedema. An identical change was observed in puppies dying of post-necrotic myocardial fibrosis. The pulmonary changes at this stage remain a valuable aid to the gross diagnosis of canine parvoviral myocarditis.
We conclude that the sequence of events in canine parvoviral myocarditis is the localisation of parvovirus in myocardial cells prepartum or in the first weeks of life, prior infection having occurred at a time yet to be determined. Myocardiallocalisation results in progressive multifocal necrosis with subclinical arrhythmias and intermittent pulmonary congestion. Death may occur suddenly, days, or even weeks, after the process is initiated. A few animals may survive the phase of active necrosis only to develop extensive myocardial fibrosis and clinical congestive heart failure.
